Uncertainty is a defining quality of the design space and it stands to reason that designers' personal attitudes toward uncertainty may influence design processes and outcomes via cognitive, affective, and/or behavioral channels. Individual attitudes and behavior patterns related to uncertainty may constitute a critical element of designer identity, which represents the synthesis of knowledge, action, and being. This qualitative study examined how graduate students in an instructional design course reflected on their experiences and beliefs regarding uncertainty.
Professional identity has been conceptualized as the synthesis of knowledge, action, and self, requiring not only the acquisition of expertise and skills but also professional ways of being (Dall'Alba, 2009; Tovey, Bull, & Osmund, 2010) . From this perspective, students in professional education programs need to establish a sense of who they are becoming as a professional -and imagine who they might be -as the context for the development of the knowledge and behaviors that are manifested via the professional self (Dall'Alba, 2009 ). For design students, this means that foundational learning (i.e., what design is and what designers do, both in general and discipline-specific) should not be seen as an end in itself but should instead be used to facilitate the establishment of a preliminary and personal sense of what it means to be a designer. For design educators, this raises provocative questions: What designerly ways of being might be most useful for the initial cultivation of designer selves? And what instructional strategies and experiences might be effective in giving students the space and resources to explore these ways of being in service of identity development?
As part of a long-term, design-based research project on design education, reflection, and professional identity, this study seeks to address these questions and contribute to emerging discourse on identity development in design by examining how graduate students in instructional design explored experiences with uncertainty using reflective writing. As a ground for our findings, we will first discuss the role of uncertainty in design and as well as pathways by which it may influence designer ways of being. We will also briefly outline the relationship between professional identity development and reflective writing in order to provide a rationale for incorporating this instructional strategy in design curricula.
Uncertainty as a defining feature of design
Uncertainty has been generically defined as a lack of adequate knowledge about events that may occur in the future or that may have already occurred but have not yet been revealed to the subject (Bar-Anan, Wilson, & Gilbert, 2009; Rosen, Ivanova, & Knäuper, 2014) . This is consistent with everyday usage of the word: when we feel sure about a particular situation, we believe we can accurately predict what will happen next, while perceptions of uncertainty infuse the anticipation of events with doubt. It is typically thought people experience uncertainty as an aversive condition that they are motivated to reduce or eliminate (Bar-Anan et al, 2009) .
Uncertainty is also a defining feature of the design space, which is concerned with ill-structured or wicked problems that can be clarified and understood only through speculative attempts to solve them (Buchanan, 1982; Cross, 2011) . As designers try (and fail) to develop solutions, they gain valuable insight into the nature and boundaries of the original problem (Dorst & Cross, 2001 ) and thus reduce uncertainty in the design space.
Given the importance of uncertainty to design, it seems a likely candidate for exploration by design students who are establishing preliminary designer identities. Based on research with industrial design students, Tovey et al (2010) identify uncertainty as a "threshold concept" in design education -or one that holds the potential to open up a new pathway of understanding that may be otherwise elusive and is necessary for forward progress in the discipline. Threshold concepts are thought to support transformative learning at both the personal and conceptual levels, an experience that is indelible, integrative, and bothersome in a way that is motivating rather than limiting. For Tovey et al (2010) , tolerance for design uncertainty as a threshold concept emerges "the moment when a student recognises that the uncertainty present when approaching a design brief is an essential, but at the same time routine, part of the design process" (p. 6). Once this threshold has been crossed, the path can then be opened for students to examine how they personally navigate the uncertain design space in service of their individual design practices and ways of being.
What is it we are uncertain about?
In order to better understand the role of uncertainty in design, it may be useful to momentarily move away from a generic definition of the term and consider more specifically what it is that we might be uncertain about in the design space. Within the design literature, the term uncertainty is typically broad and undifferentiated, although it been characterized more specifically as epistemic uncertainty, or participants' metacognition of their knowledge limitations, suggesting that designers are often aware of what it is that they know and do not know in the design space (Ball & Christensen, 2009; Ball, Onarheim, & Christensen, 2010) . This type of uncertainty involves an element of probability, or the ability to estimate what it is known and unknown and as well as confidence in those estimates. Within the design space, uncertainty motivates designers toward resolution through action, and epistemic uncertainty has been identified as a mediator between design requirements and the deployment of particular design strategies (Ball, Onarheim, & Christensen, 2010 particularly in relation to shared meaning among involved parties); and ontological uncertainty (lack of knowledge about relevant entities in a given situation, interactions among these entities, and resulting changes to both the entities and their interactivity as a consequence of said interactions). Both truth and semantic uncertainty represent aspects of epistemic uncertainty, which afford the subject with the ability to make predictions regarding accuracy, meaning, and confidence levels. Ontological uncertainty, or uncertainty about being or existence, involves a higher level of complexity than either truth or semantic uncertainty, as it is concerned with unknown entities and interactions that may emerge in the future after propositions are formed, often amidst rapidly changing situational factors. It also defies probabilistic estimations of the future, as we cannot make predictions about beings and relationships that we are not aware of in the first place.
At the same time, Lane & Maxfield (2005) argue that ontological uncertainty is the condition most salient for innovation, which involves large-scale transformations of agents, artifacts, and/or the relationships between the two, with the possibility for transformation hinging on how individual actors manage ontological uncertainty. While the innovation process described by Lane & Maxfield (2005) is not specifically aligned with or identified as design, it is clear that they overlap significantly, suggesting that it may be useful to consider how perceptions of epistemic uncertainty (the known unknowns, related to truth and meaning) and ontological uncertainty (the unknown unknowns, related to being and existence) may differentially influence designer responses and design outcomes.
A differentiated understanding of uncertainty is preliminary at best at this point, but we believe it will be fruitful to at least introduce a rudimentary typology as the basis for future discourse and research on uncertainty in design and design education. To briefly illustrate this model, we have pulled examples from an instructional design case and included them in Table 1. These examples are not meant to be exhaustive or definitive, but rather to illustrate how different types of uncertainty might emerge in a design problem.
[insert Table 1 about here]
Potential pathways of influence on designers and designerly ways of being
Knowing that designers must spend a significant amount of time in a state of uncertainty (be it epistemic, ontological, or both), it seems fruitful to consider how uncertainty may exert an influence on how designers think, feel, and act when they are being designers. Although discourse on this topic in design is scarce, the psychological literature includes considerable research on individual cognitive, affective, and behavioral outcomes related to uncertainty. It is important to note that such research is often experimental in nature; aimed at the general population rather than professional design practitioners; and is frequently (although not exclusively) concerned with links between uncertainty and mental health. However, we believe these findings are useful for establishing exploratory notions about how uncertainty may shape designerly ways of being at the level of the individual professional.
While situational uncertainty in and of itself is associated with outcomes such as increased stress and intensified emotional reactions, regardless of the subject (Bar-Anan et al,
2009
; Rosen et al 2014), individual traits -or relatively stable patterns of cognitive, behavioral, and affective responses -are associated with particular outcomes above and beyond what may be attributable to situational uncertainty. These attitudes and outcomes can be viewed from two perspectives: (1) how people respond given the opportunity to engage with uncertainty, or their uncertainty orientation, and (2) how they respond once they have entered an uncertain state, or their tolerance/intolerance for uncertainty.
Responses to the uncertain state
Uncertainty orientation (UO), a concept that emerged from social psychology, addresses an individual's willingness to engage when presented with an uncertain situation (Rosen et al, 2014; Sorrentino, Smithson, Hodson, Roney, & Walker, 2003) . As defined by Sorrentino et al (2003) , UO is a binary categorical approach that identifies whether or not an individual is motivated to engage with uncertain situations in order to resolve them, or motivated to favor situations that are familiar and preserving of existing clarity. In both cases, the uncertain state is regarded as aversive but, for those who are motivated to approach it, the rewards of gaining new knowledge outweigh the pains associated with entering uncertainty. UO has been associated with differences in information seeking and processing, decision-making, and motivation to achieve (Rosen et al, 2014; Sorrentino et al, 2003) . This construct seems particularly relevant for understanding relationships between designers and uncertainty, and may provide insight into why some people are drawn to design professions.
Responses within the uncertain state
Rosen et al (2014) reviewed the psychological literature related to uncertainty and identified three separate but related constructs that address human responses once the uncertain state has been entered: intolerance of uncertainty (IU), intolerance of ambiguity (IA), and need for cognitive closure (NCC). IU and IA are dimensional measures of personality that describe the psychological effects of uncertain or ambiguous situations, which are triggered by underlying schema regarding the meaning and consequences of uncertainty and ambiguity. As a side note, ambiguity is a concept that is sometimes subsumed under the term uncertainty and sometimes addressed as a separate concept within psychological research, with uncertainty directed at the future and ambiguity located within the present moment (Bors, Gruman, & Shukla, 2010; Kornilova & Kornilov, 2010) . Both uncertainty and ambiguity have been recognized as important to the design space (Cross, 2011; Eckert, Stacey, & Earl, 2003) , so research regarding both was included in this review. NCC describes the individual's desire to achieve closure in order to resolve situational uncertainty or to avoid closure and preserve ambiguity; as with IU and IA, this motivation is located along a continuum (Rosen et al, 2014) . While these three constructs overlap, they also capture slightly different aspects of uncertainty-related cognition, affect, and behavior, and all may play an important role in understanding how individual designers interact with uncertainty in the design space.
Strong empirical findings link high IU (and high IA to a lesser extent) with affective, cognitive, and behavioral outcomes such as clinically-significant anxiety and depression, increased stress, maladaptive coping, lower quality of life, avoidance of novel situations, information processing and recall biases (favoring absolutists interpretations and recall of uncertainty-marked information), diminished behavioral performance, and impulsive decisionmaking (Birrell, Meares, Wilkinson, & Freeston, 2011; Dugas et al, 2005; Erez & Nouri, 2010; Kornilova & Kornilov, 2010; Luhmann, Ishida, & Hajcak, 2011; Rosen et al, 2014) . Some studies have also shown that a high tolerance for uncertainty is associated with greater creativity (Kornilova & Kornilov, 2010; Erez & Nouri, 2010) . Finally, high NCC has been related to impulsive decision-making and increased likelihood of anxiety and depression (Rosen et al, 2014) .
Several key themes emerge from this overview:
1.
Uncertainty is central to design and designers seek to reduce it via problemsolution co-evolution.
2.
It can serve as a threshold concept in design education, allowing students access to new pathways of knowledge.
3. Current conceptions of uncertainty tend toward the generic, but there may be value in differentiating types of uncertainty.
4.
Uncertainty may influence cognition, behavior, and emotion depending on the psychological makeup of the individual.
We believe these themes lend strong support to the importance of including identitybuilding experiences related to uncertainty in design education. The next section outlines a rationale for incorporating reflective writing as a meaningful instructional strategy for supporting professional identity development.
Professional identity, design education, and reflective writing
As mentioned previously, professional identity is a dynamic understanding of our professional responsibilities, actions, beliefs, and values and how we embody our individual characteristics within this schema in the act of being a professional (Dall'Alba, 2009; Luehmann, 2007) . Thus, understanding both the role of uncertainty in design and our individual attitudes toward uncertainty can be seen as important components of professional identity for designers. It is this link between what we know about uncertainty in general and how we experience personally it that allows us to embody our professional expertise and skills in ways that are intimate and idiosyncratic. Identity work is a common component of post-secondary education in a number of fields (including the medical and teaching professions), but is only beginning to be incorporated as a specific and intentional component of design education programs (Luehmann, 2007; Tovey et al, 2010; Tracey, Hutchinson, & Grzebyk, 2014 ). Reflection is a narrative process at its core, and reflective writing is a common pedagogical approach used in identity development as it gives students the space to explore the stories they tell themselves about themselves, their experiences, and their beliefs (Bourner, 2003; Davis, 2006; Henderson, Napan, & Montiero, 2004; Luehmann, 2007) . There is also an empirical basis for using reflective writing as a learning activity to engage students in belief examination and change resulting from the integration of personal experiences into a framework of professional knowledge and/or identity (Tracey & Hutchinson, 2013; Tillema, 2000) .
Reflective writing as an instructional approach dates back to the work of Dewey (1933) , who advocated for the use of unguided writing that placed agency over content and structure in the hands of the student. However, contemporary research suggests that students, particularly when they are novices in a field, may benefit from scaffolding to guide the reflective process, including prompts that encourage them to draw connections between course content and personal experiences (Whipp, 2003) . At the same time, it is crucial to align scaffolding with student development in order to ensure that prompts or other structuring activities continually push students to achieve greater complexity as their knowledge base grows and their reflective abilities mature (Ada, 2010) .
Methodology

Research context and questions
This research project emerged from a larger, long-term investigation of reflective writing and identity development in design education (see Tracey & Hutchinson, in revision, for more details). Our master data set includes student responses to nine prompts that cover beliefs about design, design-related experiences, and awareness of the self-as-designer. We chose to address prompts related to uncertainty independent of the other data primarily because the issue is complex and compelling, as outlined above in Section 2. Given the sheer size of our data set (with over 3,756 total coding decisions), it was simply not feasible to give adequate and meaningful attention to the topic at hand within a broad overview of the research.
Our specific research questions regarding uncertainty include:
1. Do students engage in reflection in narratives on uncertainty and if so, what aspects of reflection do students include in their writing? The second question is particularly important as a binary approach to reflection (i.e., judging something as reflective or not) does little to tell us about the nature of student writing and how reflection is being manifested in their work.
2. Do student attitudes toward uncertainty change over the course of a semester, and if so, how? Understanding how reflection can support belief change is particularly important for identity work, which can involve a great deal of mutability, particularly when identities are initially being established (Luehmann, 2007) .
Participants and instructional context
Participants included a total of 69 students enrolled in four consecutive semesters of an introductory instructional design (ID) course offered online by an urban university in the Midwestern United States. Although instructional design has historically been a processoriented field, there has been a recent shift toward alignment with the larger design community by some in the field (Tracey & Boling, 2013) . ID shares many commonalities with other design disciplines, with a focus on solving the wicked problems of human learning. Designing an educational program for a healthcare system for example may require designing instruction for multiple audiences including physicians, patients, support staff, healthcare external suppliers and healthcare system administrators while adhering to time, budget and resource constraints. The final educational products may need to be compatible with multiple delivery systems and offered in several different languages. In this example, instructional designers similar to designers in the larger design community embrace the attitudes of design thinking while drawing on creativity, intuition and expertise.
The course included in this study uses design thinking rather than traditional ID process models to drive the curriculum, devoting the first seven weeks to general design principles based primarily on Cross (2011) which is a required text, then integrating ID-specific concepts and content into this framework for the remaining weeks of the term. Class activities are constructivist in nature, including reflective writing, case studies, peer group interaction, and an individual project addressing an ill-structured ID problem.
This class is required of all graduate students entering either the master's or doctoral program in this university's instructional technology program (which encompasses performance systems and technology integration as well as instructional design). It is important to recognize that students in this course do not typically enter the program with an awareness of design thinking or an understanding that instructional design can be viewed as congruent with other design disciplines. Among those that do have a reasonably formed opinion of the field, a modeldriven view of instructional design dominates. In addition, because the course is also a requirement for a graduate certificate in online teaching that is offered to students from all departments in the university, some entering students know little to nothing about the field or about design. The academic background of participants is quite varied as a consequence; to name a few, library science, audiology, music education, business administration, and educational psychology have all been represented in recent years. Taken together, very few students enter the course either identifying as a designer or expecting to cultivate such an identity.
This may set ID education apart from some other design fields, whose students enter eager to assume the role of designer.
Another distinctive feature of instructional design as compared to many other design disciplines is a heavy emphasis on writing as part of professional practice. Instructional designers write a great deal, with outputs ranging from detailed design specifications to instructional materials to scripts for facilitators. However, this writing is typically objective in nature and even when it does veer into subjective territory (for example, a facilitator script ideally sounds like a person speaking naturally), it is not from the point of view of the designer but rather some other stakeholder in the process. So, while instructional design courses tend to include a great deal of written work, the subjective and intimate nature of reflective writing is quite different from the professional writing style that is typically taught in ID courses, and thus introduced an element of uncertainty into students' experience of the class.
Data sources and collection
Data sources included online reflection journals that students maintained throughout the semester as a course requirement. Journal entries written in response to prompts provided by the instructor were required during eight weeks of the 14-week semester. Students created their journals in Google Documents with access granted to the instructor for review, formative feedback, and summative assessment. Twice during the semester, students were asked to reflect on their experiences and attitudes toward uncertainty: once in the first week of class, and again in the fifth week. The text of the prompts was as follows: From an instructional perspective, the prompts were structured and sequenced to introduce participants to the topic of uncertainty by first describing a general experience from any aspect of their life. Then, later in the semester, they were asked to directly confront the integration of uncertainty, design, and self after gaining more experience with the design thinking approach and a greater understanding of what it means to be a designer, a more challenging and complex topic. The prompts also intentionally differ in the amount of structure they provided; the first prompt was worded to provide a great deal of support to students in terms of what they could or should address in their response, while the second prompt faded this structure in order to challenge students to take greater ownership of their writing and its form.
At the end of each semester, students were invited to participate in the study and the instructor then forwarded the journals of those students who gave consent to the research team (after removing any identifying information). The lead data coder, a doctoral student in ID, performed a second review to ensure subject anonymity, then created separate documents that organized student responses by prompt and semester to be used by data coders. Although 69 students agreed to participate in this study, subject counts for each prompt are slightly lower because not every student provided an answer for each prompt in their reflection journal. For Prompt 1.3, 67 participants provided responses and 68 provided a response for Prompt 5.5, for a total N=135 responses.
Data Assessment
The REFLECT rubric (Wald, Borkan, Taylor, Anthony, & Reis, 2012), a model for assessing reflective writing, was used to code each response. The rubric allows for four levels of reflection, listed below with a general characterization:
• Habitual action, which remains at the level of basic fact reporting and typically omits major elements of the response.
• Thoughtful action, which includes a more elaborate or detailed narrative but remains at the descriptive level.
• Reflection, which involves an effort to engage in meaning-making, analysis, or some other aspect of reflection.
• Critical reflection, which results in a comprehensive response that considers multiple interpretations or viewpoints.
REFLECT moves beyond a binary approach to reflection (i.e., whether something is or is not reflection) and instead provides six criteria that represent different aspects of reflection, defined as follows:
• Writing spectrum, or the overall reflective quality of the writing.
• Presence, or the sense of the writer's presence in the response.
• Conflict description, or the recounting of the precipitating conflict or situation.
• Emotion, or recognition and attention to emotional aspects of the situation.
• Analysis, or effort directed toward meaning-making or analysis of the situation.
• Attention to assignment, or responsiveness to the prompt.
REFLECT was selected for this research specifically because it provides for a much more nuanced understanding of how students are engaging in reflection and if there are aspects of reflection that are being privileged or neglected in their writing. Exploring this complexity was integral to the project's first research question, and among available rubrics uncovered in a literature search, REFLECT stood apart for addressing multiple aspects of reflection, for providing multiple levels of reflection, and for sound inter-rater reliability rates (Wald et al, 2012) . See Table 2 for the full REFLECT rubric, including coding guidelines specific to each of the six reflection criteria. Previous research by the authors has demonstrated the utility and reliability of the REFLECT rubric for assessing reflection in graduate design education (Tracey, Hutchinson, and Gryzbek, 2014) .
[insert Table 2 about here]
In addition to the REFLECT rubric, responses were coded for orientation toward uncertainty in general alignment with the UO construct identified earlier. We felt this was the most applicable for the data we would be collecting, as it addressed uncertainty by looking at the motivation to engage (or not) with uncertain situations. However, the binary approach of UO as defined by Sorrentino et al (2003) , where participants either embrace or avoid uncertainty, did not adequately capture the nature of our participants responses, as many indicated mixed attitudes or did not clearly account for their own orientation. Final uncertainty orientation categories for the study included: positive (overall positive attitude signaling an embracing of uncertainty); negative (overall negative attitude signaling avoidance of uncertainty); mixed (attitude specifically incorporating positive and negative aspects); and unclear or not indicated (response either does not address uncertainty orientation or is unclear in some way).
Each individual response (N=135) was assessed by at least two data coders using the REFLECT rubric and the uncertainty orientation criteria (for a total of seven coding decisions per response, or 945 total decisions for the data set). If the two initial coders agreed on a particular coding decision, the assessment was considered final. If they disagreed, a third reviewer coded the response. If three coders disagreed, then the coding decision was sent to the principal researchers for final adjudication.
Results
Table 3 details coding results by reflection criteria, prompt, and semester. Of the 810 decisions relating to the REFLECT rubric, 97% achieved consensus from two out of three reviewers, with the remaining 3% sent to the PIs for final adjudication. For the 135 decisions relating to uncertainty orientation, 93% achieved agreement among two of three reviewers, with 7% referred for final adjudication.
[insert Table 3 about here]
Aggregated reflection levels
It is important to initially consider aggregated reflection levels for both prompts across all six domains of the REFLECT rubric as this provides a general context for better understanding congruencies and deviations. As Figure 1 shows, 58% of all coding decisions fell into the reflection category, followed by 33% as thoughtful action, 6% as habitual action, and 3% as critical reflection. As a point of comparison, results from our larger data set (which included nine prompts and 3,756 coding decisions) were 49% reflection, 37% thoughtful action, 12%
habitual action, and 2% critical reflection.
[insert Figure 1 about here]
Reflection levels by REFLECT criteria
Aggregated reflection levels for each of the six REFLECT criteria are also included in Figure 1 . The Presence dimension saw the highest level of reflection at 89%, while Emotion generated the lowest levels, with reflection at 33% and critical reflection at 1%. In line with this, Presence had the lowest levels of thoughtful and habitual action (10% and 1% respectively), while Emotion had the highest levels at 18% habitual action and 48% thoughtful action. The remaining four criteria had similar results for reflection, with all four at either 55% or 56%;
however, Writing spectrum and Analysis had the overall highest levels of critical reflection, at 9% and 7% respectively. In terms of thoughtful action, Conflict and Attention to Assignment had the highest rates of the remaining criteria, and were followed by Analysis and Writing Spectrum. Finally, among the remaining criteria, Writing Spectrum had the highest level of habitual action, followed by Assignment, Conflict, and Analysis.
Between-prompt differences
Figure 2 illustrates the differences in reflection levels between Prompt 1.3 and Prompt 5.5. For Prompt 1.3, 68% of all decisions were coded as reflection, followed by 24% as thoughtful action, 5% as habitual action, and 3% as critical reflection. For Prompt 5.5, 46% of all decisions were coded as reflection, 44% as thoughtful action, 6% as habitual action, and 4% as critical reflection.
In terms of changes within reflection qualities, all dimensions saw a shift toward less reflection and more descriptive action from Prompt 1.3 to Prompt 5.5, except for presence, which held relatively steady (90% reflection for Prompt 1 compared to 88% for Prompt 2). Attention to assignment and emotion generated the biggest changes, with attention to assignment seeing a drop from 71% to 42%, while emotion fell from 50% (reflection and critical reflection) to 16%.
These were followed by analysis (a drop of 24%), conflict (a drop of 24%), and writing spectrum (a drop of 9%). See Figure 2 for more detail.
[insert Figure 2 about here]
Uncertainty orientation
Our second research question concerned whether and how participants may reconsider their uncertainty orientation across the semester. A comparison of results for Prompts 1.3 and 5.5
shows an increase in positive orientation from 44% to 54%; a negligible increase in mixed orientation from 24% to 25%; a decrease in negative orientation from 9% to 3%; and a decrease in not indicated/unclear orientation from 24% to 18% (see Figure 3 ).
[insert Figure 3 about here]
Discussion
It is clear from the results that participants were generally able to engage in reflection when responding to prompts regarding uncertainty (with 61% of coding decisions achieving either reflection or critical reflection). At the same time, there were aspects of reflection students were more comfortable incorporating in their narratives, and others that appeared to be more challenging. Presence was the most reflective criterion at 89%, which suggests participants are at ease including their own voice and perspective when discussing uncertainty. Interestingly, in our larger data set (covering nine prompts in total), aggregated reflection rates for presence only reached 79%, so participants may have been more comfortable establishing their authorial presence when discussing uncertainty versus other topics. Writing spectrum (64%) and analysis (63%) had the next highest levels of reflection, indicating that participants were able to use the writing process to make meaning from their experiences most of the time. Emotion was the least reflective criterion overall, with only 34% of aggregated responses coded as either reflection or critical reflection. This is consistent with our previous research; however, within our larger data set, the emotion criterion was even less reflective with only 15% coded as reflection or critical reflection.
When considered against our larger data set of nine prompts, Prompt 1.3 had the highest overall rate of reflection (71% reflection and critical reflection) and the highest or second highest reflection level for all six REFLECT criteria. This suggests that students were able to engage with this prompt relatively easily and make meaning from their general experiences with uncertainty. However, when students revisited the topic of uncertainty for Prompt 5.5 (which asked them to assess themselves in relation to uncertainty in design), reflection levels fell to 51% reflection and critical reflection. This regression was not unexpected and can be considered indicative of the recursive, dynamic nature of identity development, particularly when confronted with a complex challenge that requires (re)consideration and (re)integration of the self within the professional context. For Prompt 1.3, students had the freedom to choose an experience with uncertainty from any point in their history, which allowed them to grant themselves chronological, cognitive, and emotional distance from the event if they chose to do so.
For Prompt 5.5, students had to discuss their current position and sense of self in relation to uncertainty in design, which may not have been fully processed at the time and thus more difficult for students to reflect on productively. Likewise, course content during the intervening weeks may have complicated participants' understanding of design, uncertainty, and/or the relationship between the two, which again may have constrained their ability to reflect in the present moment. At the same time, those who were able to reflect in relation to the Writing Spectrum criterion for Prompt 5.5 achieved critical reflection at twice the rate of Prompt 1.3 (12% vs. 6%).
An interesting difference in the results comes from reflection in relation to the emotion criterion: 51% reflection and critical reflection for Prompt 1.3 and only 16% for Prompt 5.5.
This may be attributable to the wording of Prompt 1.3, which specifically asked students to describe how they felt during an uncertain situation. It is interesting to note, though, that students still struggled to incorporate affective components in their responses to Prompt 1.3, with only 50% attending to emotions or gaining emotional insight, despite direct guidance to consider their feelings in their response. Overall, these findings suggest that these students struggled to reflect on emotions in relation to design, despite its importance to the field and even when they were engaging in other aspects of reflection.
It also bears mention that only 42% of responses for Prompt 5.5 were coded as reflection for the Attention to Assignment criterion (compared to 71% for Prompt 1.3), which means that 58% did not fully address the prompt or give a compelling reason for an alternate response.
Because the prompt itself is short and direct, these results add further support to the idea that students found the integration of self and design to be challenging.
Overall, three-quarters of students either had a positive (49%) or mixed (24%) uncertainty orientation. Participants also demonstrated increased positive orientation rates from Prompt 1.3 (67% positive or mixed) to Prompt 5.5 (79% positive or mixed). These findings address our second research question and indicate that reflective writing may help students clarify and/or transform their own uncertainty orientations. While these results seem encouraging on the surface, it is possible that this reflects an unconscious bias to align one's self with
perceived qualities of what makes a good designer rather than an objective self-assessment.
Since the course content emphasizes the role of uncertainty in design, students who aspire to become designers may adopt the orientation they think they should have. Positive associations with uncertainty may also reflect a naïve understanding of the realities of dealing with unpredictable, messy design problems, while a mixed orientation is able to incorporate both positive and negative aspects in a realistic way. Finally, one in five responses failed to include a clear orientation toward uncertainty, despite the fact that both prompts directly asked them to do so. This suggests that certain students find it challenging to identify how they feel about uncertainty, let alone analyze it.
Implications for design education and professional identity development
The overarching instructional goal of the reflection journal assignments was to introduce students to important concepts and experiences related to design, as well as provide them with opportunities to integrate their own personal qualities and histories with their emerging schema about design and designers as identity-building work. The results support the use of reflective writing as an effective tool for exploring identity-related issues in graduate design education, with the knowledge that students' ideas about design and self-as-designer will evolve with time and experience. What is most important is to give them exposure to important concepts and experiences they will encounter in their professional practice, as well as practice using reflection to process and analyze these experiences and transform them into design precedents. Particularly for students who may be unfamiliar or uncomfortable with reflective writing, multiple opportunities to engage in the activity coupled with timely and personal feedback will be important to build confidence in their abilities. While we certainly encourage the use of reflective writing in particular, other modes of expression might be equally applicable and allow students the added opportunity to practice using professional skills for subjective narrations related to professional identity. For example, architecture students could apply drafting skills to draw a visual representation of how they feel about uncertainty, or industrial design students could build a three-dimensional representation. Both would require students to reflect on experiences and translate their meaning into an external, socially-situated artifact of who they are or want to be while using professional skills in a novel application.
Without building direct experiences with uncertainty into the course content, however, it will likely be difficult for students to gain insight regarding design uncertainty and their designer selves, no matter how much reflecting they do. Engaging students in an authentic design problem from their field, through case studies or hands-on projects, is a logical way to introduce them to such uncertainty. In the class that was included in this study, one instructor asked each student to come up with an instructional design problem for their final project, with the constraints that it should involve adults and take no longer than an hour to deliver the instruction.
Then she induced tremendous uncertainty by announcing the next week that they would all be switching problems with another student, acting as the client for the student who received their problem, and the designer for the student whose problem they received. This exercise, however frustrating at first, not only gave students the chance to work through uncertainty but also to build design knowledge and empathy by playing the role of client as well as designer.
In terms of instructional practices, the REFLECT rubric provides important feedback on aspects of student reflection that may need additional support, such as emotion. Based on our findings, students in the course could have clearly benefited from significant scaffolding and feedback to better incorporate affective aspects into their reflection. Since empathy with the user is a core aspect of design (Rapanta & Cantoni, 2014) , emotional awareness and maturity seem particularly crucial to nurture and cultivate in design education in order to equip designers to connect with users; research findings support that designer empathy can have an influence on design outcomes (Kouprie & Visser, 2009; Rapanta & Cantoni, 2014) . Empathy itself is not an emotion, but rather the ability to understand another's emotional state (Sas & Zhang, 2010) ; however, the ability to develop empathetic skills may rest in the ability to understand one's own emotions. Furthermore, designers' emotions and emotional processing in the design spaceunrelated to empathy -have been found to influence design actions and outcomes (Davis, 2009; DeDru, Baas & Nijstad, 2008; Yang & Hung, 2014) , which is not surprising, given the relationships that exist between and among uncertainty and cognition, emotion, and behavior.
There are other findings that point to the value of designer emotions as a feedback mechanism, although as with other research on the affective experiences of designers, this work is preliminary (Alexiou, Zamenopoulos, Johnson, & Gilbert, 2009 Dong, Kleinsmann, & Valkenburg, 2008 Kim, Bouchard, & Ryu, 2012) . Finally, the development of professional identity in any field -and education in general -hinges on understanding and transforming the self and cannot be separated from our emotional experience of who we are in any given context (Heidegger, 1967) .
Since this study is part of a larger, design-based inquiry into professional identity and design education, these results will be used to review instructional activities and make adjustments as needed. Based on preliminary findings, we have previously edited or eliminated prompts that did not seem to provide valuable learning experiences to our students. We are currently planning a major redesign of the course and, given these findings, we will revisit the wording of Prompt 5.5 to see if modifications might be useful to support students in generating reflection in relation to uncertainty.
Implications for design research
Given the instructional context of this research, it was necessary to take a general approach to the idea of uncertainty to best serve the learners, rather than focusing on a specific type of uncertainty (such as ontological or epistemic). However, we believe it is vitally important to investigate if and how different forms of uncertainty affect the design space, design actions, and design outcomes. Lane & Maxfield (2005) Finally, more scholarly attention needs to be paid to the development and maintenance of professional identity in designers, both novice and expert. Given the influence designers have over design outcomes and the responsibilities they hold in the design space, it is crucial for individual designers to be able to understand, articulate, and reflect on themselves, their profession, and the integration of the two. It will be important to explore these issues in different disciplines and educational contexts, as well as investigate institutional and/or cultural barriers that may make it challenging for design educators to incorporate reflective experiences. Adams, Daly, Mann, & Dall'Alba, (2011) use the framework of knowing, acting, and being to explore how designers articulate and understand their professional responsibilities; this an important contribution to our preliminary understanding of designer identity and more work like this would enrich current discourse on the topic.
This research study provides an important framework for understanding the intersection of uncertainty, design, and professional identity development. Uncertainty in the design space is a subject ripe for deeper exploration, as is the role of individual designers' attitudes toward uncertainty. Likewise, we hope that this research spurs further discourse on how designers construct and refine professional identity, and how design education programs can support this process. n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a REFLECT HA 1=REFLECT criteria used during F13 did not differentiate between HA and TA, so TA only was coded; criteria modified for later semesters. 2=REFLECT criteria did not differentiate between R and CR, so only R was coded for all semesters.
HA: habitual action (simple fact reporting and/or omission of major response elements)
TA: thoughtful action (elaborated narrative but remaining at the descriptive level) R: reflection (effort to engage in meaning-making, analysis or some other aspect of reflection)
CR: critical reflection (comprehensive response that considers multiple interpretations or viewpoints) 
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